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1.0 INTRODUCTION 
In 1992, the data on OEP and OWP were summarized and long - term zinc 
concentration trends were predicted, based on the water quality records. For the OWP, 
an annual dilution by spring run-off and/or ground water infiltration was identified as the 
process which accounts for the decreasing zinc concentrations. For the OEP, the 
major process in zinc removal was determined as the iron-hydroxide precipitation 
through which zinc is co-precipitated and remains in the OEP. The zinc concentrations 
from the Drainage Tunnel are not expected to decrease in the long term, as the tunnel 
walls are generating acid, which presents, practically, an infinite source of zinc 
contamination. 
With an intensive sampling program carried out during the winter 1993, the proposed 
zinc removal mechanisms were confirmed or refuted. The conclusions are presented 
in this report, along with the recommendations on the diversion of the Drainage Tunnel 
water to the Orientals. 
It has been proposed that Drainage Tunnel water be diverted via the Orientals, which 
are to be connected, into the First Meadow pond treatment system. All historic and 
recently collected water quality data were used to evaluate the proposed water 
diversion. Geochemical simulations were carried out, which would indicate potential 
mineral precipitation and dissolution which can be expected from the mixtures. These 
are of particular relevance to the zinc removal processes utilized in the passive 
treatment system, as iron hydroxide precipitation results in co-precipitation of zinc and 
biological polishing is very effective in removing precipitates. Laboratory work, mixing 
OWP with OEP water, was carried out to determine shifts in acidity and alkalinity. 
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2.0 ZINC REMOVAL MECHANISMS 
2.1 Oriental West Pit 
OWP water quality data, collected during the winter, are plotted in Figure 1. As 
predicted, based on the seasonal trends observed in the pit, fresh water enters the pit 
starting in March, diluting the zinc concentrations down to IO mg/L. After ice breakup 
the concentrations increase again. The concentrations in the bottom of the pit in 1993 
are also plotted in Figure 1 (1993B). They did not change, remaining around 34 mg/L 
throughout the winter. 
Long term differences between bottom and surface water quality in the West Pit are 
updated in Table 1. Since 1991, the concentrations of most elements have essentially 
remained unchanged, with the possible exception of iron. Underneath the ice of the 
1992-93 winter, the overall concentrations in the pit remained the same as those 
measured in September 1992. In May 1993, they were reduced with run-off/ground 
water input. 
All the information available from the grid sampling in the OWP carried out for 4 winters 
is summarized in Schematic la, 1 b and lc. In Schematic la, the zinc concentrations 
are given for each grid sampling station. Grid station 22 appears to have the highest 
concentrations at the bottom. Unfortunately, no data are available to determine the 
effects of the ARUM sediment behind the curtains. 
While differences in zinc concentrations were noted for Stn 22, this was not the case 
for copper concentrations (Schematic lb). Copper concentrations were generally 
higher at the bottom but, by 1991, all locations showed concentrations in the range of 
500 pg/L, with the exception of some stations around the edge of the pit, where copper 
concentrations were lower (Stns 21, 19, 1 and 7). The conductivity measurements 
available for the grid are summarized for completeness (Schematic lc), but differences 
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Table 1 Concentrations of Elements in Oriental West Pit 
Fig. 1: OWP Zinc Concentrations 
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between bottom and top are not pronounced. The zinc and copper concentration 
distributions and conductivities support the suggestion that no additional contaminants 
are generated in the OWP. Through annual dilution, the pit concentrations drop by 
about 5 mg/L per year. 
In 1993, TSS values were determined for both the OEP and the OWP (Table 2). The 
large increase in TSS in the surface samples from both pits collected in April and May 
suggest a second mechanism of zinc removal, namely adsorption onto the surfaces of 
suspended solid particles. The upper half of the OWP pit volume had a TSS loading 
of about 0.56 t in April, which~ had likely settled to the pit bottom by May. In mid-May, 
the upper half of the pit had received an additional tonne of TSS. These quantities 
could have provided a significant surface area for zinc adsorption. 
Table 2: Total Suspended Solids Concentrations in the OWP and OEP Sampled in 1993 
OWP 
Date Surface Bottom Surface Bottom 
TSS. ma/L TSS. ma/L TSS. ma/L TSS. ma/L 
1 O-Feb-93 0.2 0.1 ;.6-’ 14.0- 
09-Mar-93 3.2 0.5 21.3 16.3 
06Apr-93 16.9 0.3 57.9 0.2 I 03-May-93 1  fi-Mav-93 ’ Apr-93 94.9 24.3 42.2 24 3 1 
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2.2 Oriental East Pit 
It was suggested in the 1992 data summary that, if oxygen was introduced into the 
OEP, higher rates of iron oxidation could be expected. Higher oxygen concentrations, 
in turn, would increase iron precipitation and co-precipitation of zinc. During the winter 
of 1992, more frequent water sampling was carried out in the OEP to confirm the 
suggested chemical trends. 
Oxygen and Eh measurements indicate that, indeed, reducing conditions prevail during 
the winter months (Table 3). The TSS values for OEP (Table 2) suggest that there was 
a significant TSS increase, as was noted in OWP during the months of April and May. 
The effluent monitoring data for April and the beginning of May show the lowest zinc 
concentrations of the winter (13, 10 and 8 mg ZnlL). This suggests that adsorption 
onto particulate matter could be removing dissolved zinc from OEP water. 
A detailed sampling campaign with depth was carried out in April at the centre of the 
OEP pit (Table 4). Zinc, acidity, and alkalinity were determined in water samples from 
every 2 meters. 
The results indicate that acidity is closely related to iron and zinc concentrations 
(Figures 2 and 3). The changes in zinc and iron concentrations with depth are very 
similar to those noted for acidity with depth. The zinc concentrations determined by 
Boojum and Asarco are in relatively good agreement, given that zinc precipitation 
during shipment is expected; generally, 2 to 4 mg/L zinc have been removed as 
precipitate. The concentrations of iron, zinc and acidity in the weir sample deviate from 
the relationships noted for the deeper samples. The cause for the iron increase and 
the acidity decrease is not known. 
These relationships between acidity and metal concentrations are dictated by the 
characteristics of water. Water acidity consists of both proton ions and metal ions (Fe, 
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Table 3: Oxygen Concentrations and Eh in OEP Water Column. 
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Table 4: Water Quality Data for OEP Profile Water Samples Collected April 17, 1993. 
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Fig. 2: OEP [Acidity] and [Fe] 
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Al, Cu, Mn, Zn, etc.). When minerals dissolve in acidic water, the acid radicals will form 
weak acid and consume proton ions, as follows: 
MeS + H* = Me” + HS, MeS + 2H* = Me’* + H 2 S 
MeCO, + H+ = Me” + HCO;, MeS + 2H’ = Me’* + H CO 2 3 
MeSiO, + H+ = Me’* + HSiO;, MeS + 2H’ = Me’* + H,SiO, 
Hence, when these reactions occur acidity and alkalinity concentrations can be 
expected to shift. Both acidity and alkalinity consistently decrease from the pit bottom 
to the surface (Table 4). The acidity or alkalinity values for a sample from a particular 
depth were subtracted from the corresponding value for the sample taken 2 m below. 
These changes in acidity and alkalinity with depth are plotted (Figure 4). When the 
acidity increased from a lower stratum to a higher one, the difference is positive. In this 
graph, changes in acidity and alkalinity are directly related. The co-relatedness of the 
metal concentration, acidity and alkalinity changes indicates that concentrations of 
these parameters are dictated by metal-bicarbonate precipitation processes. 
Fig. 4: OEP Acidity, Alkalinity Changes 
April 17,1993 0 - 20 m Samples 
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At a depth of 18 to 20 m, both acidity and alkalinity increased, indicative of incoming 
high carbonate water, and high iron and zinc concentrations. The concentrations of 
these parameters decreased as the water was upwelling to shallower strata. Between 
12 and 14 m, a large shift was noted, whereupon both acidity and alkalinity continued 
to consistently decrease with decreasing depth. At the 12 m depth, oxygen 
concentrations were also at their lowest value (0.3 mg/L; Table 4) and the field Eh also 
slightly decreased at that depth. An oxygen concentration just above 0.3 mg/L might 
represent the critical concentration at which iron hydroxide precipitation commences, 
proceeding all the way up to the surface. 
The average zinc concentration change in the OEP is plotted in Figure 5. Zinc 
concentrations in the whole pit have dropped consistently from 1988 to 1993. There 
is a zinc concentration gradient increasing from the bottom to the surface. The slopes 
of the gradient are very similar for years 1989, 1992 and 1993. The similarity in the 
slopes is probably due to similar iron precipitation rates (and concomitantly similar zinc 
co-precipitation rates). The steeper slope in 1988 was likely due better oxygenation of 
the water as the pit was filling. This was followed by establishment of a thermocline, 
which controls to a significant degree the oxygenation of the pit. 
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3.0 MIXING OF WATERS 
3.1 Mixing of OWP with OEP 
Both experimental mixing and geochemical simulations suggest that there is sufficient 
buffering capacity in the OEP to maintain the pH of the OEP (Figures 6a to 6d). 
Alkalinities and acidities of the mixtures are given in Table 5. If all of the OWP water 
(66,245 m”) were displaced to the region of the OEP above the thermocline (estimated 
top 3 m volume, 53,000 m3), then the mixing ratio would be a little higher than 1 : 1. 
Changing the ratio between I:1 and 1.51 produces only a very slight shift in acidity and 
alkalinity. After connection of the pits, a flow of 13 USGPM between the OWP and the 
OEP has been reported. The effects of the mixing will, therefore, be slight. 
The geochemical simulations suggest a decrease in the saturation indices for Al, Cu 
and Zn. This means that these metals are less likely to precipitate. The same 
simulations predict an increase in the likelihood that iron, magnesium and sulphate will 
precipitate (Appendix 1, page 3). The mixing of the two water bodies is not likely to 
have a significant effect on zinc concentrations of the OEP effluent. Increased iron 
precipitation will increase the amount of zinc which is removed by co-precipitation. 
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Fig. 6a: OEP-OWP Mixtures, Acidity 
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Fig. 6c: OEP-OWP Mixtures, Acidity 
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Table 5: Acidity and Alkalinity of OEP and OWP Waters and Mixtures 
lSurface Acidity Surface Alkalinity # Bottom Acidity Bottom Alkalinity 
3.2 Mixing Drainage Tunnel with OWP 
The bottom water of the OWP could be disturbed by the introduction of the Drainage 
Tunnel water. Therefore, it might be useful to consider the installation of a bottom 
sediment, or at least treat specific locations with higher metal concentrations such as 
around Stn 22 with organic amendments. The installation of a sediment might be 
needed if the pit generated acid. Although, from information collected to date, no acid 
generation is indicated, it cannot be ruled out completely. 
Measurements in the winter of 1993 indicate that the OWP pit is, for the most part, well 
oxygenated, with some oxygen depletion at a depth of 8 to 9 m. With the addition of 
Drainage Tunnel water, very little change in oxygenation is expected. However, as 
cautioned in the geochemical considerations provided in Appendix 1 (page 3). oxygen 
entrainment might enhance sulphide oxidation, resulting in acid generation. 
17 
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When the Drainage Tunnel flow enters the OWP, the flow rate from OWP to OEP will 
increase. It is estimated that the OWP water will be displaced within 93 days, 
assuming a flow from the Drainage Tunnel of 7.4 Us (118 USGPM). 
Once OWP water has been displaced with Drainage Tunnel water, it is unlikely that 
high metal concentrations will be found at the bottom of the pit. At 8.2 Us (7.4 L/s from 
Drainage Tunnel, + 0.8 Us OWP base flow), the pit water will be exchanged three to 
four times per year. However, it will be important to monitor the bottom metal 
concentrations trends carefully. 
Considering all the information, the most appropriate location to introduce Drainage 
Tunnel water to the Orientals is in the OWP. Within a period of 3 to 4 months, the 
OWP water volume will be composed primarily of Drainage Tunnel water, if acid 
generation is not, in fact, occurring within the pit. The specific discharge point to the 
OWP is probably dictated by construction limitations. If it is assumed that no acid 
generation is occurring in the pit, then there is no preferred location for Drainage 
Tunnel water discharge. However, in order to remain on the cautious side, Drainage 
Tunnel water should be introduced at a depth of about 3 to 4 m, as far away as 
possible from the connection between OWP and OEP. 
\P- In principle, once the OWP volume has e replaced with Drainage Tunnel water, its 
water characteristics will be that of the Drainage Tunnel water, a solution amenable to 
supporting biological polishing by algae. Substrate for algal growth should be installed, 
Boojum Research Limited 
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since the contaminant concentrations in Drainage Tunnel water are not likely to 
decrease in the long-term. 
3.3 Mixing Drainage Tunnel with OEP 
The data summarized in Section 2.2 above suggest that Drainage Tunnel water should 
be introduced to the bottom of the OEP water column, in order to introduce oxygen, and 
initiate precipitation reactions, at the greatest depth possible. Expansion of the 
precipitation zone throughout a much larger volume of the OEP is particularly important, 
since the added flow volume from the Drainage Tunnel will significantly shorten the 
retention rime of water, the time when these precipitation reactions must occur, in the 
OEP. 
Should Drainage Tunnel water be discharged into the bottom of OEP via a pipe, then 
a brief review of the distribution of the zinc concentrations in the pit is warranted. In 
Schematic 2, the results of the grid samples collected in 1988, 1989, 1992 and 1993 are 
summarized for surface, middle and bottom samples. While the bottom zinc 
concentrations have decreased over the years, bottom samples have typically 
contained higher concentrations of zinc than surface water samples. 
The zinc concentration distribution in the OEP on April 12, 1993 is plotted in Figure 7. 
Lower zinc concentrations at the bottom are noted at grid stations 8, 13 and 14. This 
may have been due either to ground water input (Stn 8) or the shallow nature of 
Boojum Research Limited 
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Fig. 7: OEP [Zn] with Depth 
Asarco data (April 12,1993) 
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stations 13 and 14. At all other locations in the pit, bottom water samples contained 
higher zinc concentrations than the corresponding surface water samples. 
Because the Drainage Tunnel water contains very little iron, it will serve to dilute the 
iron content of the OEP (Appendix 1, page 4). This expected decrease in iron 
concentrations in the OEP could have an overall effect on zinc concentrations, but this 
effect is difficult to project. However, it can be projected with some confidence that 
dilution by the Drainage Tunnel, combined with increased oxygen input carried by 
Drainage Tunnel water to the bottom of OEP, will lower iron concentrations at OEP 
oufflow. 
The ultimate goal of this project is to reduce the zinc concentrations leaving the OEP. 
Thus, it is recommended that the introduction of Drainage Tunnel water to the OEP be 
implemented in stages. First, the introduction of OWP water to the OEP must be 
assessed. Then, before the Drainage Tunnel water is introduced to the bottom of the 
OEP, its introduction to the OWP and the surface of the OEP must be assessed. 
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4.0 OPERATING PARAMETERS OF THE POLISHING POND 
The process determining the performance of the polishing pools has always been 
complex. Three main parameters, periphyton growth, phosphate concentrations, and 
precipitation of zinc, are involved in the process. The observed reductions in zinc 
concentrations in the pond prior to the end of June, 1993 (Figure 8) were probably due 
to the effects of retention time and phosphate concentrations, since significant 
periphyton growth had not yet occurred. 
In Figure 9, the retention time of Pond 10 is plotted as a function of zinc decrease. If 
the retention time is less than 7 days, the data suggest that zinc concentrations are not 
greatly decreased. Although only four data points are currently available, this minimum 
retention time suggests that the 14 day retention time, estimated from the analysis of 
data collected for Polishing Ponds 1 -6 in the 1992 data summary, is likely in the 
optimal range. This retention time is equivalent to 2.8 USGPM flowing through the 
55,500 USG Polishing Pond 10. 
With the system set at 2.8 USGPM (14 day retention time), assembly of a larger data 
set, quantifying flow volumes, zinc and phosphate concentrations, and algal standing 
biomass, must be continued in order to optimize the performance of Polishing Pond IO. 
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